This article proposes that genetic and molecular ecotoxicology can play an important role in making policy and risk assessment decisions concerning xenobiotics. It calls for a greater awareness by ecotoxicologists to the effects in wildlife and humans resulting from transgenerational exposure to synthetic chemicals that interfere with gene expression and differentiation. The difficulty of recognizing these effects on the endocrine, immune, and nervous systems in developing embryos is described and suggests why effects of this nature have traditionally not been addressed when determining risk to synthetic chemicals. Specific examples are cited of environmental effects on hormonally responsive tissue in wildlife populations which could be used as models for assessing human exposure to synthetic chemicals. Evidence is presented that the environmental load of synthetic chemicals has reached critical levels at which wildlife and human health are at risk. -Environ Health Perspect 1 02(Suppl 12):55-59 (1994) 
Introduction
This article presents examples of environmental effects on hormonally responsive tissue in troubled wildlife populations that provide a model for assessing previously overlooked human health hazards associated with exposure to synthetic chemicals. The difficulty of recognizing these effects on the endocrine, immune, and nervous systems in wildlife and humans explains why the problems are usually not discovered until they become quantifiable at the population level. In the past, health effects of this nature were not addressed when determining the safety of synthetic chemicals. Consequently, endocrine-disrupting, synthetic chemicals once considered benign are now an integral part of the global ecosystem posing an emerging threat to biodiversity.
The number of synthetic chemicals that are capable of disrupting the endocrine system continues to grow as they are serendipituosly (1, 2) or deliberately (3) discovered. Among the chemicals are fungicides, insecticides, herbicides, components in plastics and detergents, and other industrial products and by-products (4 of the embryo and change its course of development (5). Effects not often expressed overtly in the parent are manifested as second generation sequelae of changes in the architecture and function of the endocrine, immune, and nervous systems of offspring exposed during critical periods of organ development (5) .
A number of the endocrine disruptive effects reported in wildlife populations have been replicated in confined wild animals (6,7) and laboratory animals using single xenobiotics (3, 8) . However, in the real world, exposure involves multiple xenobiotics making causal links difficult. The effects are not necessarily expressed as gross physical defects that are visibly recognizable, but instead are expressed as losses of function which until recently have not been described. Consequently, with wildlife and humans alike, a generation may pass before the effects become apparent, and only after the problem is widespread and has reached population proportion (9, 10) .
Many of the persistent endocrine-disrupting xenobiotics are found in the reproductive tissues of animals, including humans (11 (12, 13 Follow-up studies on troubled wildlife populations have revealed a number of conditions associated with reproductive success. Depending upon the species and study designs, these have been measured as reductions in embryo hatchability (15) and viability (16) ; chick (17) and fry survivorship (18); egg size and numbers (19) ; numbers of animals reaching sexual maturity (20) ; production of endogenous hormones, such as thyroid hormones (7, 21) , estrogen (22) , testosterone (23, 24) , and retinols (7), as well as immune-competency. Increases in thyroid (25) and liver size (17); liver enzyme induction (17); highly carboxylated porphyrins (26); numbers of animals exhibiting sex reversal (6, 27, 28) ; spontaneous abortions (29); hermaphroditism (30); sex-linked birth defects; assymetrical brains (31) and skulls (32) ; and unusual behavior (17, 33) have been reported as well. Regarding sex-linked birth defects, M Fry (personal communication) has reported that in a study of crossed-billed double-crested cormorants, the birth defects all were in phenotypic females (n= 100). In another study, of crossed-billed bald eagles discovered in 1993, all birth defects were in females (T Kubiak, personal communication; n = 3).
The above effects are not the result of mutations, but are epigenetic in nature. They are the result of changes in gene expression through many mechanisms, such as blockage, modulation, or improper timing, the results of which are unpredictable in most cases (34) . Scientists (39) .
In an effort to explain the sudden onset of marine mammal die-offs, it is important to keep in mind that mature animals in the first generation exposed to xenobiotics generally do not display obvious effects as a result of their exposure (40) . If the transgenerational hypothesis holds, wide-scale immune incompetency would not appear until the second generation (41, 42) . Were those mammals that succumbed in the recent die-offs second generation individuals whose endocrine and immune systems were constructed differently because of in utero exposure to xenobiotics? And were some of the older animals that died individuals whose immune systems had reached threshold levels of effect as the result of years of high-dose exposure? These animals held some of the highest concentrations of organochlorine chemicals ever reported (43) .
The Human Connection (44) . It was during this period that humans (with a generation time of approximately 20 years) were first exposed to a vast number of chemicals. By the mid-1960s these individuals began to bear children and produced the first generation of humans exposed to xenobiotics in utero -the first generation born with xenobiotics in their tissues. About 1980 this generation reached reproductive age.
In the case of long-lived marine mammals, the timing of the recent mass mortalities fits the above exposure model when factoring in the delay between initial production and use of xenobiotics on land and their reaching the oceans, plus the tremendous dilution factor of the marine systems. The marine mammals that suffered the dieoffs have generation times of approximately 10 to 15 years and are indigenous to highly contaminated enclosed aquatic regions, such as coastal waters and the Baltic and Mediterranean seas.
In the past, human epidemiologic studies designed to determine the outcome of exposure to a xenobiotic(s) have questioned only the health of the exposed individuals. It is not surprising that many human studies have failed to link adverse health effects with exposure to xenobiotics (Type II errors). The lesson learned from wildlife reveals the importance of considering the health of the offspring of the exposed individuals. For Evidence is building that xenobiotics are present in humans at concentrations that are toxicologically relevant. For instance, female seals exposed to 27 pg/kg/body weight (bw)/day PCB on a Wadden sea fish diet were less productive than seals exposed to 8 pg/kg (bw)/day on a North Atlantic fish diet (45 First generation exposed in womb reaching reproductive age Environmental Health Perspectivesthe same study it was also estimated that the mothers (from Michigan) were exposed to 0.093 pg/kg (bw)/day PCB throughout their life preceding pregnancy, which provides a model of the persistence of the PCBs. By comparison, 52.5% of Inuit women in eastern Arctic Canada participating in seven food consumption surveys are exposed to 0.25 to 3.25 pg/kg (bw)/day PCB (48) . Suckling infants consuming breast milk at the U.S. average of 0.8 to 1 ppm PCB in milk fat are exposed to 5 pg/kg (bw)/day PCB, five times the Allowable Daily Intake (ADI) set by the Food and Agricultural Organization for a 70 kg adult (49) . The parents of the children in the Japanese rice oil incident (contaminated with PCBs and furans) were exposed to 63 pg/kg (bw)/day PCB for three months (50) , about 1000 times the lifetime dose of the Michigan mothers.
The average U.S. adult's body burden of dioxin (2,3,7,8-TCDD), is approximately 7 to 10 ppt. Dioxin's ability to induce cytochrome P450 enzymes in rat liver hepatoma cells (H4IIE) has been used as a surrogate to describe its toxicity. Using dioxin as the standard for CP450 activity on a weight-to-weight basis one can either measure directly or calculate (using equivalency factors times concentration) the toxicity of other dioxinlike compounds in tissue. The combined 2,3,7,8-TCDD, dioxin and furan isomers, and coplanar PCBs in the average adult's body are equivalent to 50 dioxin enzyme toxicity equivalents (TEQs). This is very close to the 64 ppt of pure 2,3,7,8-TCDD fed to pregnant rats whose male pups experienced abnormal sexual development, sperm count reduction, and behavioral changes (8) (60, 61) . Realizing that these effects could be the result of exposure to elevated endocrine-disruptors during prenatal development, it has been suggested that the cause may be from environmental contaminants (62, 63) . A significant reduction in penis size at puberty, among other problems, has been associated with prenatal exposure to PCBs and furans among the offspring of women who consumed PCB contaminated rice oil in Taiwan (64 
